Seven hundred and fifty-five bases of sequence are presented here. These are shown in Fig. 2 with a translation in single-letter amino acid code of the main ORFs. They extend from a sequence CTGAACAA at position 1, which differs by only one base from sequences which appear at the 5' ends of the bodies of mRNAs A, B, C (CTTAACAA) and is identical to that found in mRNA E Boursnell et al., 1984 Boursnell et al., , 1985 Binns et al., 1985) , to an arbitrary position within the sequence of mRNA C. At position 596 is the sequence CTTAACAA, which probably marks the 5' end of the body of mRNA C. These two sequences lie 3783 and 3188 bases from the poly(A) tract at the 3' end of the viral genome. These sizes would represent the lengths of the bodies of mRNAs D and C without either leader sequence or poly(A) tract, and therefore agree well with the estimated size of these mRNAs of 4.1 and 3.4 kilobases . Thus, bases 1 to 596 of this sequence appear to represent the 'unique' 5' terminal domain of mRNA D which is not present in mRNA C. Bases 1 to 29 code for the COOH terminus of the spike gene and bases 681 to 755 code for the NH2 terminus of the membrane protein gene Boursnell et al., 1984) .
There are three ORFs which lie in the 5' region of mRNA D. The first two non-overlapping ORFs, from bases 32 to 202 and 205 to 396, potentially code for polypeptides of 6-7K and 7.4K. A third ORF, from bases 383 to 706, potentially coding for a polypeptide of 12.4K, overlaps the second ORF by six amino acids and overlaps the coding sequences for the membrane glycoprotein by nine amino acids. Examination of the potential polypeptides encoded by these ORFs shows the 6.7K polypeptide to be neutral and hydrophobic whereas the 7-4K polypeptide is acidic with an overall negative charge of 13. The 12-4K polypeptide Would have a hydrophobic N terminal domain and a hydrophilic C terminal domain. The sequences around the initiation codons of the two small ORFs, UNNAUGA and CNNAUGU, are used extrem~!y rarely in functional eukaryotic initiation codons, but are the most common sequences found around 'non-functional' upstream AUGs (22 ~ and 44~ of mRNAs surveyed by Kozak, 1983) . The sequence flanking the initiation codon of the 12.4K ORF, GNNAUGA, is also fairly rare as a functional initiation codon (2~ of mRNAs surveyed) but is not classified as a 'nonfunctional' upstream AUG (Kozak, 1983) . Examination of the codon usage of these three potential polypeptides (Staden, 1984) shows that the 12-4K ORF has a codon usage very similar ?TFGATGATCCAAA GTCCCACGTCCTTCCTAATAGTATTAATTCTFCTI'rGGTGTAAACTTGT  T  A  T  T  I0  20  30  40  50  60  70  80 90 Fig. 1 ) are underlined. Where the M41 sequence obtained overlaps the Beaudette sequence (bases 1 to 560) the differences are shown beneath the Beaudette sequence. In all cases the sequence has been completely determined on both strands.
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to that predicted for the other IBV polypeptides whose genes have been sequenced, but that the two smaller ORFs have not. These results suggest that the two small ORFs may not code for polypeptides in vivo but may only be chance ORFs.
To investigate whether the upstream ORFs are conserved between different IBV strains we have sequenced a cDNA clone from another strain, M41 (Geilhausen et al., 1972) , which covers the region of sequence where these small ORFs occur. The M41 clone, 169, was made as described by Boursnell et al. (1984) and overlaps the sequences presented here from positions 1 to 560. There are 12 base changes between the two strains. The bases altered in M41 in this region are shown beneath the Beaudette sequence in Fig. 2 . The sizes and positions of the two Amino acids boxed-in show residues identical or similar (Kanehisa, 1982) to those of the IBV 9.5K sequence. The distances of the amino acids from the predicted N termini of the polypeptides are shown in parentheses.
small ORFs are conserved in the M41 sequence, but the differences between the two strains at this point are not great enough to imply whether this is significant. However, the 'homology region' CTGAACAA, at position 1, is altered in M41 to CTTAACAA which is the form found in Beaudette at the 5' ends of the bodies of mRNAs A, B and C. Interestingly, this single base change results in the introduction of a termination codon (UAA) in the coding sequences for the M41 spike protein, which predicts that the M41 spike precursor would lack nine amino acids at the C terminus which are present in the Beaudette polypeptide. Two of the mRNAs from the mouse coronavirus MHV-JHM, mRNAs 4 and 5, also contain small ORFs which do not appear to code for any of the major structural components of the virion (Skinner & Siddell, 1985; . The amino acid sequences predicted from the three ORFs in mRNA D and the two ORFs (7-5K and 9.5K) in mRNA B have therefore been compared with the sequences predicted from the three ORFs in mRNAs 4 and 5 from MHV-JHM using various computer programs (Staden, 1982; Kanehisa, 1982; Goad & Kanehisa, 1982) . A homology was found between the 12.4K ORF in IBV mRNA D and the 10.2K ORF from MHV-JHM mRNA 5 (Fig. 3a) . The match is statistically significant, the score being greater than four standard deviations away from that produced by comparing 100 random sequences of the same composition. The hydrophilicity plots (Kyte & Doolittle, 1982) of these two polypeptides are also similar, suggesting that they may be related or have a similar function. In addition there is some similarity between the N terminal regions of four of these putative small polypeptides. Fig. 3(b) shows these results.
The fact that the codon usage of the 12.4K putative polypeptide is very similar to that predicted for the nucleocapsid, membrane and spike polypeptides strongly suggests that the largest ORF in mRNA D does code for a product in vivo. It is not clear at the moment what, if any, is the function of the two smaller 'upstream" ORFs, but it is interesting to note that both mRNA B of IBV and mRNA 5 of MHV-JHM have 5' terminal regions containing two overlapping ORFs, and thus may code for more than one polypeptide. At the moment it is not possible to say whether the 12.4K product of mRNA D might be a structural component of the virion, but if it were it must only be present at very low levels, since no polypeptide of this size has been detected in [3H]leucine-labelled preparations of virus .
The hydrophobic N terminus of the 12.4K polypeptide has a stretch of 21 uncharged amino acids, enriched in hydrophobic residues, which could span the viral membrane, possibly acting as a membrane-anchoring region. Two of the small polypeptides (10.2K and 15.2K) of coronavirus MHV-JHM Skinner & Siddell, 1985) have similar hydrophobic domains and it has been suggested that they may play a role in siting membranebound transcription or replication complexes (Skinner & Siddell, 1985) . The 12-4K polypeptide of IBV may have a similar function but in view of the fact that these polypeptides are probably not translated until the subgenomic mRNAs have already been transcribed, an involvement with replication complexes, producing full-length viral RNA, seems the more likely of these two suggestions. Another possibility is that they could be involved in a switch from transcription to replication activities, which is suggested by the observation that, in MHV, late in infection the genomic RNA is synthesized at a faster rate than the subgenomic RNAs (Brayton et al., 1984) .
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